Objective We compared functional impairment outcomes assessed with Sheehan Disability Scale (SDS) after treatment with duloxetine versus selective serotonin reuptake inhibitors (SSRIs) in patients with major depressive disorder. Methods Data were pooled from four randomized studies comparing treatment with duloxetine and SSRIs (three double blind and one open label). Analysis of covariance, with last-observation-carried-forward approach for missing data, explored treatment differences between duloxetine and SSRIs on SDS changes during 8 to 12 weeks of acute treatment for the intent-to-treat population. Logistic regression analysis examined the predictive capacity of baseline patient characteristics for remission in functional impairment (SDS total score ≤ 6 and SDS item scores ≤ 2) at endpoint. Results Included were 2193 patients (duloxetine n = 1029; SSRIs n = 835; placebo n = 329). Treatment with duloxetine and SSRIs resulted in significantly (p < 0.01) greater improvements in the SDS total score versus treatment with placebo. Higher SDS (p < 0.0001) or 17-item Hamilton Depression Rating Scale baseline scores (p < 0.01) predicted lower probability of functional improvement after treatment with duloxetine or SSRIs. Female gender (p ≤ 0.05) predicted higher probability of functional improvement after treatment with duloxetine or SSRIs. Conclusions Treatment with SSRIs and duloxetine improved functional impairment in patients with major depressive disorder. Higher SDS or 17-item Hamilton Depression Rating Scale baseline scores predicted less probability of SDS improvement; female gender predicted better improvement in functional impairment at endpoint.
INTRODUCTION
Major depressive disorder (MDD) is often associated with functional impairments in affected patients (Papakostas, 2009; Snyder, 2013) . These impairments have strong social and economic effects, frequently causing patients to miss work (Rytsälä et al., 2005) , experience difficulties in social relationships (Dunn et al., 2012) and report reduced family functioning (Weinstock et al., 2006) .
Outcomes of antidepressant treatment in MDD vary greatly among individual patients. Proposed predictive factors of outcome include illness characteristics, comorbid mental disorders (van der Werff et al., 2010) , genetic polymorphisms, brain metabolism and functional brain asymmetry (Papakostas and Fava, 2008) . However, while many of those associations were linked to outcomes in depressive symptoms, their influence on functional outcomes in patients with MDD was not explored.
Nonetheless, there is increasing recognition of the importance of functional outcomes in patients with MDD. Frequently, functional impairments persist even when depressive symptoms are in remission (Nakano et al., 2008; Sheehan and Sheehan, 2008; Sheehan et al., 2011a) . Nakano and colleagues (2008) demonstrated that executive dysfunction remained even when patients with MDD were in remission of their depressive symptoms. Similarly, Sheehan and colleagues (2011a) analysed three MDD studies and four generalized anxiety disorder studies and found that in neither patient group did symptom remission and functional remission move in tandem for every patient.
The neurotransmitter norepinephrine plays a role in the regulation of cognition, motivation and intellect (Moret and Briley, 2011) . Duloxetine hydrochloride (hereafter duloxetine) is a serotonin and norepinephrine reuptake inhibitor, approved for the treatment of MDD (Eli Lilly and Company, 2014) .
A validated and accepted measure of functional outcome in MDD is the Sheehan Disability Scale (SDS) (Sheehan et al., 1996; Sheehan and Sheehan, 2008) . This three-item scale assesses functional impairments associated with work/school, social life and leisure activities, and family life and home responsibilities in patients with MDD, with higher scores indicating greater functional impairment (Sheehan et al., 1996) . The SDS has been successfully used to assess changes in functional impairment in patients with MDD during treatment with duloxetine in several clinical trials (Raskin et al., 2003; Detke et al., 2004; Dueñas et al., 2011; Gaynor et al., 2011a Gaynor et al., , 2011b Sheehan et al., 2011b; Mancini et al., 2012; Martinez et al., 2012; Oakes et al., 2012) .
The objective of the current study was to compare functional outcomes as assessed with the SDS between treatment with duloxetine and selective serotonin reuptake inhibitors (SSRIs) in patients with MDD by using pooled data from all randomized clinical studies comparing duloxetine with SSRIs that used the SDS to measure patients' functioning and that were sponsored by Eli Lilly and Company. We also explored the roles of patient demographics, disorder duration and baseline symptom severity as predictors of functional outcomes in patients with MDD.
METHODS
We pooled data from four randomized clinical studies that compared the efficacy of duloxetine with an SSRI in the treatment of MDD, as defined by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (Table 1 ). The dataset included three placebo-controlled, double-blind clinical studies (study acronyms of HMAYa, HMAYb and HMCR) and one open-label clinical study (study acronym of HMFT). All studies included an acute treatment phase of at least 8 weeks, compared treatment with duloxetine versus SSRIs and used the SDS to assess the effect of treatment on patient functioning.
Among all randomized clinical studies included in the Eli Lilly and Company integrated database for duloxetine efficacy in MDD (cut-off date 18 June 2014), 19 studies administered the SDS. Among these 19 studies, only eight studies included treatment comparisons between duloxetine and active compounds; of these eight studies, two studies did not use treatment with SSRIs as an active control, one study focused on the timing of intervention strategies and one study only included MDD patients with residual apathy but without depressed mood. Prior to patient enrolment, the appropriate institutional review boards reviewed and approved the study protocols. All patients provided written informed consent before receiving any study therapy or undergoing any study procedure, and the studies were performed according to Good Clinical Practice guidelines and the Declaration of Helsinki.
Baseline and treatment assessment scales Sheehan Disability Scale (Sheehan et al., 1996) . The SDS is a disability or functional impairment scale that uses a discan metric. This discan metric anchors the response options by simultaneously using visual-spatial, numeric and verbal descriptive anchors to assess disability or functional impairment across three domains: work/school, social life/leisure activities and family life/home responsibilities. Each domain is scored from 0 (not at all) to 10 (very severely). The three domains can be summarized to evaluate global functional impairment by adding the scores of each of the three domains, resulting in global SDS score ranges from 0 (unimpaired) to 30 (highly impaired) (Sheehan et al., 1996; Sheehan and Sheehan, 2008) . Functional remission was defined as SDS ≤ 6 at endpoint (Sheehan and Sheehan, 2008; Sheehan et al., 2011a) .
Montgomery-Åsberg Depression Rating Scale (Montgomery and Asberg, 1979) . The Montgomery-Åsberg Depression Rating Scale (MADRS) is a 10-item scale, with each item rated from 0 to 6. The MADRS total score is the sum of the 10 items and ranges from 0 (not at all depressed) to 60 (severely depressed) (Montgomery and Asberg, 1979) .
Seventeen-item Hamilton Depression Rating Scale (Hamilton, 1960) . The 17-item Hamilton Depression Rating Scale (HAMD-17) assesses the severity of depression and produces a total score ranging from 0 (not at all depressed) to 52 (severely depressed) (Hamilton, 1960) .
Clinical Global Impressions of Severity Scale (Guy, 1976) . The physician-administered Clinical Global Impressions of Severity Scale records the severity of illness at the time of assessment. The score ranges from 1 (normal, not at all ill) to 7 (among the most extremely ill patients).
Statistical analyses
Baseline demographics and illness assessment data were summarized for all patients included in the current study. Analysis of covariance (ANCOVA) with a last-observation-carried-forward approach for missing data was used to explore treatment differences between duloxetine and SSRIs on SDS changes during 8 to 12 weeks of acute treatment for the intent-to-treat population, including all patients for whom baseline assessment and at least one post-baseline assessment were available. The ANCOVA models with treatment as fixed effect and baseline SDS total score as covariate were calculated for each study. Effect sizes in each model were calculated for least squares (LS) mean differences between treatment groups divided by the standard deviation (SD) of the residuals provided by the model of this study. Overall, LS mean estimates and effect sizes were calculated as a weighted mean of the corresponding estimates in all studies, with weights based on within-study variance, assuming a fixed study effect. p-values were derived from t-test for LS mean differences. No corrections of multiple comparisons were applied.
Logistic regression analyses were performed to determine odds ratios (ORs) for SDS total scores ≤6 versus >6 and for SDS individual item scores ≤2 versus >2. A logistic regression model was estimated for each study with treatment as fixed effect, and baseline SDS total score or baseline SDS item score as covariate. All ORs were calculated via a meta-analysis approach as a weighted mean of the corresponding log(OR) in all individual studies with weights based on the variance of log(OR).
Logistic regression analyses were also performed to determine potential predictors of remission in functional impairment (SDS total scores ≤6 vs >6 and SDS individual item scores ≤2 vs >2). Study, treatment, SDS baseline score, HAMD-17 baseline score, gender, age, race, number of previous episodes and duration of the current episode were included in the analysis model.
Numbers needed to treat (NNTs) to reach an SDS total score of ≤6 at last-observation-carried-forward endpoint for the pooled dataset for treatment with duloxetine and for treatment with SSRIs were determined by using the following formula:
active treatment event rateÀplacebo event rate ð Þ
RESULTS

Patient baseline characteristics
Included in the analyses were 2193 patients (duloxetine n = 1029; SSRIs n = 835; placebo n = 329).
Most patients were female (duloxetine = 67.0%, SSRI = 68.5% and placebo = 67.2%). The mean ages of duloxetine, SSRI and placebo groups were 43.5 (SD: 12.1), 43.7 (SD: 12.6) and 43.5 (SD: 11.6) years, respectively (Supporting information Table 1) . At baseline, patients displayed moderate illness severity with mean Clinical Global Impressions of Severity scores ranging from 4.2 to 4.3 and mean SDS total scores ranging from 20.0 to 20.9 across treatment groups (Supporting information Table 2 ).
Patient disposition
The study completion rates for duloxetine, SSRIs and placebo were 78.1%, 78.2% and 79.9%, respectively.
The most common reasons for early discontinuation were lost to follow-up (duloxetine, 6.3%; SSRI, 7.1%; placebo, 4.9%) and adverse events (duloxetine, 5.2%; SSRI, 3.6%; placebo, 3.6%).
Study medication doses
In study HMAY, patients were randomized to duloxetine 60 mg twice daily (BID), duloxetine 40 mg BID, placebo or paroxetine 20 mg once daily (QD) for the 8-week acute treatment period. In study HMCR, patients were randomized to duloxetine 60 mg QD, escitalopram 10 mg QD or placebo. In study HMFT, patients were randomized to flexibledosed duloxetine or SSRI (citalopram, fluoxetine, Effect sizes in each model were calculated for LSMean differences, divided by the standard deviation of the residuals provided by the model of this group. Overall LSMean estimates and effect sizes were calculated as a weighted mean of the corresponding estimates in all groups, with weights based on withingroup variance, assuming a fixed group effect. p-values were derived from t-test for LSMean differences. DLX, duloxetine; HAMD-17, 17-item Hamilton Depression Rating Scale; LSMean, least squares mean; MADRS, Montgomery-Åsberg Depression Rating Scale; n, number of affected patients; PLB, placebo; SE, standard error; SSRI, selective serotonin reuptake inhibitor; ANCOVA, analysis of covariance; SDS, Sheehan Disability Scale. a One ANCOVA model was calculated for each study with treatment as fixed effect and baseline SDS total score as covariate. b One ANCOVA model was calculated for each group with treatment, HAMD-17 total score at baseline (≤22/>22), and their interaction as fixed effect and baseline SDS total score as covariate. paroxetine or sertraline; mean daily doses are displayed in Table 1 ). Paroxetine 20 mg QD (GlaxoSmithKline, 2013), escitalopram 10 mg QD (Forest Laboratories, Inc., 2009) and duloxetine 40 mg/day (Eli Lilly and Company, 2014) are the minimum effective doses approved for the treatment of MDD. In some of the studies, the dose of duloxetine used was higher than the minimum effective dose approved for duloxetine (i.e. >40 mg/day), while in those same studies, the dose of the comparator SSRI was the minimum approved dose.
Change from baseline in Sheehan Disability Scale total scores
Patients in all treatment groups displayed significantly (p < 0.001) reduced SDS total scores at endpoint (Table 2 ) compared with baseline, and both treatment with duloxetine and treatment with SSRIs resulted in statistically significantly (p < 0.01) greater reductions in SDS total scores compared with placebo. No significant differences in change from baseline in SDS total scores were observed between treatment with duloxetine and treatment with SSRIs (Table 2) .
Change from baseline in Sheehan Disability Scale total scores-subgroup analyses When patients were grouped by baseline illness severity (HAMD-17 ≤22 vs >22), SDS total endpoint scores remained statistically significantly (p < 0.001) different from baseline for all treatment groups. Statistically significantly (p ≤ 0.05) greater reductions in SDS total scores compared with placebo were observed only for patients treated with duloxetine in the HAMD-17 > 22 group and for patients treated with duloxetine or SSRIs in the HAMD-17 ≤ 22 group (Table 2) .
When patients were grouped by baseline illness severity measured by MADRS (MADRS ≤30 vs >30), SDS total endpoint scores were statistically significantly (p < 0.001) different from baseline for all treatment groups; however, no significant differences between treatment groups were found, potentially because of the small sample size (Table 2) .
Change from baseline in Sheehan Disability Scale individual item scores
For all three SDS items, each treatment resulted in statistically significantly (p < 0.001) different endpoint scores compared with baseline, and both treatments with duloxetine and treatment with SSRIs were associated with statistically significantly (p < 0.01) greater score improvements for all SDS items compared with placebo. No statistically significant differences were observed between treatment with duloxetine and treatment with SSRIs (Table 2) .
When patients were grouped by baseline illness severity (MADRS ≤30 vs >30; HAMD-17 ≤22 vs >22), changes from baseline scores remained statistically significant (p < 0.001) for all treatment groups. Additionally, in patients with more severe depressive symptoms at baseline (HAMD-17 score > 22), statistically significantly (p ≤ 0.05) greater improvement after treatment with duloxetine was observed for SDS item 1 compared with treatment with SSRIs. No differences between treatment with duloxetine and treatment with SSRIs were observed for SDS items 2 and 3 (Table 2 ). For patients with less severe depressive symptoms (MADRS ≤ 30 and HAMD-17 ≤ 22), treatment with both duloxetine and SSRIs resulted in statistically significant (p < 0.001) improvements from baseline for all SDS item scores.
Number needed to treat
At endpoint, 295 (28.7%) patients treated with duloxetine and 212 (25.4%) patients treated with an SSRI had an SDS total score of ≤6, while 71 patients (21.6%) treated by placebo had an SDS total score of ≤6. The NNT to reach an SDS total score of ≤6 at last-observation-carried-forward endpoint for the pooled dataset was 14 for duloxetine and 26 for SSRIs. . In both the group of patients with an HAMD-17 baseline score of >22 and the group with an HAMD-17 baseline score of ≤22, no statistically significant differences between duloxetine and SSRIs were observed when the ORs were examined for reaching an SDS total score of ≤6 (Table 3) . Similar results were obtained when the ORs were examined for reaching scores of ≤2 for individual SDS items. No statistically significant differences between duloxetine and SSRI treatment groups were observed, neither in the all-patients group nor in subgroups divided by HAMD-17 baseline score (Table 3) .
Logistic regression analyses
Predictor analyses
When baseline patient characteristics were analysed to predict functional patient outcome at endpoint, patients with higher SDS total baseline scores (more severe functional impairment) and patients with higher HAMD-17 baseline scores (more severe depressive symptoms) at baseline showed lower probability to achieve remission in functional impairment (SDS total score ≤ 6 or SDS individual item scores ≤ 2) at endpoint. However, female gender was associated with a statistically significantly higher probability of remission in functional impairment compared with male gender. No significant differences were observed among race, number of previous episodes and the duration of the current episode (Table 4) .
Only patients treated with duloxetine had a statistically significantly (p = 0.046) higher probability of achieving an SDS total score of ≤6 compared with placebo treatment; no significant differences were observed between treatment with SSRIs and treatment with placebo or between treatment with duloxetine and treatment with SSRIs (Table 4) .
Both patients treated with duloxetine and patients treated with SSRIs had a statistically significantly (p < 0.01) higher probability to reach scores of ≤2 for individual SDS items at endpoint compared with those treated with placebo (Table 4) .
Change from baseline in 17-item Hamilton Depression Rating Scale scores All three treatment groups showed statistically significantly (p < 0.001) changed HAMD-17 scores at endpoint compared with baseline in the overall patient populations and in patients grouped by HAMD-17 baseline scores. HAMD-17 scores showed statistically significantly (p ≤ 0.05) greater improvement after treatment with duloxetine and after treatment with SSRIs compared with treatment with placebo without significant differences between duloxetine and SSRI treatments (Table 5 ). Effect sizes in each model were calculated for LSMean differences, divided by the standard deviation of the residuals provided by the model of this group. Overall LSMean estimates and effect sizes were calculated as a weighted mean of the corresponding estimates in all studies, with weights based on withingroup variance, assuming a fixed study effect. p-values were derived from t-test for LSMean differences. DLX, duloxetine; HAMD-17, 17-item Hamilton Depression Rating Scale; LSMean, least squares mean; n, number of affected patients; PLB, placebo; SE, standard error; SSRI, selective serotonin reuptake inhibitor; ANCOVA, analysis of covariance. a One ANCOVA model was calculated for each study with treatment as fixed effect and baseline HAMD-17 total score as covariate. b One ANCOVA model was calculated for each study with treatment, HAMD total score at baseline (≤22/>22), and their interaction as fixed effect and baseline HAMD total score as covariate. When individual SDS items were analysed, in patients who displayed more severe depressive symptoms at baseline (HAMD-17 > 22), statistically significantly greater improvement after treatment with duloxetine was observed for SDS item 1 (work/ school). Moret and Briley (2011) described, previously, that norepinephrine plays an important role in executive functioning with regard to cognition, motivation and intellect; however, additional studies are needed to establish a causal relationship between norepinephrine levels and improvements in certain aspects of executive functioning.
The NNTs in this meta-analysis for both the duloxetine and the SSRI groups were higher (less impressive clinically) than reported previously for experimental design studies (Sheehan and Sheehan, 2008) . There may be two reasons for this. First, some of the treatment arms in the fixed-dose studies used doses that were too low to achieve good efficacy for some patients. Fixed-dose studies also often have treatment arms that use doses that are too high for other patients, increasing the likelihood of dropouts because of adverse events, before good efficacy is achieved. In fixed-dose studies, we therefore expect less impressive NNTs than in flexible-dose designs. Two of the four studies in this meta-analysis were fixed-dose designs. Second, the doses for the comparator SSRI paroxetine in two of the four studies were not comparable in efficacy with the doses of duloxetine used in those studies. Consequently, when the results of all studies are aggregated, the NNT for the SSRIs would be expected to be higher (less impressive) than the NNT for duloxetine. Therefore, we recommend caution in interpreting any difference in these NNTs as suggesting any difference in efficacy between duloxetine and SSRIs.
The results presented here agree with those of prior studies that demonstrated statistically significant functional improvements, as measured by SDS, during treatment with duloxetine (Detke et al., 2004; Gaynor et al., 2011a Gaynor et al., , 2011b Mancini et al., 2012) or SSRIs (Detke et al., 2004) compared with placebo in patients with MDD. The current analyses are the first analyses known to the authors to compare the effects of duloxetine versus SSRIs on functional improvement in patients with MDD in a large, pooled dataset. This approach allowed the authors to compare the relative efficacy of a serotonin and norepinephrine reuptake inhibitor (duloxetine) with SSRIs in achieving remission of functional impairment in patients with MDD. As mentioned earlier, norepinephrine is reported to play a role in modulating cognition, motivation and intellect (Moret and Briley, 2011) , while serotonin may influence psychomotor speed (Constant et al., 2005) .
Treatment with duloxetine and treatment with SSRIs resulted in similar rates of study completion, and duloxetine was associated with the highest rate of patients discontinuing the studies because of adverse events. Those findings are consistent with results from a meta-analysis that compared treatment response in patients with generalized anxiety disorder among escitalopram, duloxetine, paroxetine, pregabalin, sertraline and venlafaxine XL (National Collaborating Centre for Mental Health commissioned by the National Institute for Health & Clinical Excellence, 2011) . In this analysis, duloxetine had the highest probability of response when only patients who did not discontinue pharmacological treatment were analysed because of intolerable side effects; however, it was also associated with the highest risk of discontinuation because of side effects (National Collaborating Centre for Mental Health commissioned by the National Institute for Health &Clinical Excellence, 2011).
Higher SDS total or HAMD-17 baseline scores predicted lower probability of remission in functional impairment defined as SDS total score ≤ 6 or SDS individual item scores ≤ 2 at endpoint after treatment with duloxetine or SSRIs; however, female gender was a predictor for higher probability of functional improvement at endpoint. Gender was described previously as a significant prognostic factor for functional remission in patients with MDD (Mancini et al., 2012) .
When treatment assignment was analysed as a predictor of functional improvement, patients treated with
